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Brief Abstract

Description
This measure is used to assess the percentage of pediatric computed tomography (CT) imaging studies
for patients aged 17 years and younger performed with individualized equipment evaluation protocols that
comply with a widely used guideline.

Rationale
Radiation exposure is a concern in both adults and children. However, there are three unique
considerations in children.

Children are considerably more sensitive to radiation than adults, as demonstrated in epidemiologic
studies of exposed populations.



Children have a longer life expectancy than adults, resulting in a larger window of opportunity for
expressing radiation damage.
Children may receive a higher radiation dose than necessary if computed tomography (CT) settings
are not adjusted for their smaller body size (National Cancer Institute [NCI], 2012).

Advances in technology continually change the design and capabilities of CT scanners, even from the
same manufacturer and certainly from different manufacturers. Each CT scanner requires a unique protocol
development to optimize dose savings (Strauss et al., 2010).

Substantial dose reduction and high compliance can be obtained with pediatric CT protocols tailored to
clinical indications, patient weight, and number of prior studies (Singh et al., 2009).

The following evidence statements are quoted verbatim from the referenced clinical guidelines and/or
other references:

Because children are more sensitive than adults to the effects of ionizing radiation, it is particularly
important to tailor CT examinations to minimize exposure while providing diagnostic quality examinations
(The Alliance for Radiation Safety in Pediatric Imaging, 2007).

Image GentlySM – How to Develop CT Protocols for Children (The Alliance for Radiation Safety in Pediatric
Imaging, 2007) 
The Image Gently instructions to develop pediatric CT protocols are available at the Image Gently Web
site . These instructions provide guidance in either developing CT protocols for
children or verifying that your current protocols are appropriate. You may be able to reduce doses to a
greater degree for high contrast studies.

Calculation of the effective dose – Pediatrics (newborn to age 15) (Shrimpton & Wall, 2000) 
The effective dose in CT is derived from the dose-length product (DLP)

Effective dose calculation: E = k DLP
k = age and body region-specific conversion coefficient (mSv mGy-1 cm-1)

Pediatric Abdominal CT (American College of Radiology [ACR], 2008)

Scanning parameters should be optimized to obtain diagnostic image quality while adhering to the
as low as reasonably achievable (ALARA) principle.
Scan area should be minimized according to the clinical indication.
Scanning parameters, including kVp, tube current, and exposure time (mAs), should be changed
according to body size, area of interest, and clinical indication. May be achieved by using weight
based tables or by using automatic exposure control (see Image Gently™ protocols).
Testicles should not be included the scanned area unless absolutely necessary for the clinical
indication. Consideration should be given to shielding superficial structures in the scan region such
as the testes.
If precontrast images are needed solely to determine whether calcification is present, these can be
done with additional decrease in mAs.
Intravenous (IV) contrast is usually used in the CT evaluation of the pediatric abdomen, since
vascular structures and internal organs are better visualized due to the paucity of body fat in many
pediatric patients. Renal stone evaluation is an exception. A routine dose of 2mL/kg is generally
used. Volume of contrast, rate of injection, scan delayed time, and hand/power injection should be
determined according to the location, size, and type of IV access, the child's body size, the
underlying disease (e.g., congestive heart failure), and the clinical indication.
Enteric contrast may be sued in the CT evaluation of the pediatric abdomen. Exceptions would
include renal stone protocol, CT angiography and acute trauma.
In evaluating suspected appendicitis, IV contrast is typically used, generally to avoid repeat
examinations. Precontrast and delayed scans are not necessary, unless a renal anomaly requiring
evaluation of the collecting system is identified. Some centers use oral or rectal contrast. If oral
contrast is given, sufficient time should be allowed to elapse for the contrast to reach the right lower
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quadrant prior to scanning.
Postprocessing 2D reformations and 3D reconstructions or 3D volume rendering may be useful
adjuncts in displaying the anatomy.

To achieve acceptable clinical CT scans of body, the CT scanner should meet or exceed the following
specifications:

Gantry rotation times: less than or equal to 2 seconds.
Slice thickness: less than or equal to 5 mm (less than or equal to 2 mm is preferred).
Limiting spatial resolution: 8 lp/cm for greater than or equal to 32 cm DFOV and greater than or
equal to 10 lp/cm for less than 24 cm DFOV.
Table pitch: no greater than 2:1 for single-row-detector helical scanners.
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Primary Health Components
Ionizing radiation; pediatric computer tomography (CT) imaging studies; individualized equipment

evaluation protocols; Image GentlySM

Denominator Description
All pediatric computed tomography (CT) imaging studies for patients aged 17 years and younger (see the
related "Denominator Inclusions/Exclusions" field)

Numerator Description
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Pediatric computed tomography (CT) imaging studies performed with individualized equipment evaluation
protocols that comply with a widely used guideline (see the related "Denominator Inclusions/Exclusions"
field)

Evidence Supporting the Measure

Type of Evidence Supporting the Criterion of Quality for the Measure
A clinical practice guideline or other peer-reviewed synthesis of the clinical research evidence

A formal consensus procedure, involving experts in relevant clinical, methodological, public health and
organizational sciences

One or more research studies published in a National Library of Medicine (NLM) indexed, peer-reviewed
journal

Additional Information Supporting Need for the Measure
Importance of Topic
The use of medical imaging has resulted in revolutionary advances in the practice of medicine. The
increased sophistication and clinical efficacy of imaging have resulted in its considerable growth.
Consequently, the evolution of imaging has resulted in a significant increase in the population's
cumulative exposure to ionizing radiation and a potential increase in adverse effects including cancer
(Amis, Butler, & American College of Radiology [ACR], 2010; Amis et al., 2007). Although experts may not
agree on the extent of the risks of cancer from medical imaging, there is uniform agreement that care
should be taken to weigh the medical necessity of a given level of radiation exposure against the risks,
and that steps should be taken to eliminate avoidable exposure to radiation (Amis et al., 2007; Center
for Devices and Radiological Health [CDRH], 2010).

High Impact Topic Area
This topic was chosen for measure development because of the high costs associated with imaging
studies and because these medical procedures are a significant source of radiation exposure. The
following objective data support the degree of increase in the use of imaging studies and emphasize the
importance in taking steps to help eliminate avoidable exposure.

Prevalence and Incidence

The average per capita exposure to ionizing radiation from imaging exams increased by about 600%
from 1980 to 2006 in the United States (U.S.) (Mettler et al., 2009; National Council on Radiation
Protection and Measurements [NCRP], 2009).
The largest contributor to this dramatic increase in population radiation exposure is computed
tomography (CT). In 1980 fewer than 3 million CT scans were performed; in 2006, there were about
380 million radiologic procedures (including 67 million CT scans) and 18 million nuclear medicine
procedures performed in the U.S. (Mettler et al., 2009).
The imaging study with the single highest radiation burden, accounting for 22% of cumulative
effective dose, is myocardial perfusion imaging (Fazel et al., 2009).
In 2006, an estimated 19 million head, 10.6 million chest and 21.2 million abdominal and pelvic CT
scans were performed accounting for 28%, 15.9%, and 31.7%, respectively, of the total number of
CT scans in the U.S. (Mettler et al., 2009).
Currently, approximately 11% of CT examinations are performed on children, which could account for
more than 7 million pediatric CT examinations per year in the U.S. (Mettler et al., 2000; Frush &
Applegate, 2004; Linton, Mettler, & NCRP, 2003).
The prevalence of CT or magnetic resonance imaging (MRI) use during emergency department (ED)
visits for injury-related conditions increased from 6% in 1998 to 15% in 2007 (Korley, Pham, &



Kirsch, 2010).
While CT utilization has decreased steadily since 2003 in pediatric facilities across North America
(Townsend et al., 2010) the use of CT in children who visit the ED increased from 0.33 to 1.65 from
1995 to 2008 and occurred primarily at non-pediatric focused facilities (Larson et al., 2011).

Costs

From 2000 through 2006, total Medicare expenditures for physician imaging services increased from
$6.7 billion to about $14 billion, an increase of 13% per year on average (U.S. Government
Accountability Office [GAO], 2008).
In 2005 imaging services represented an estimated 14% of 2005 spending included in the
sustainable growth rate (SGR) calculation, but represented 27% of the total increase in such
spending between 2004 and 2005. The majority of the growth occurred for advanced imaging (GAO,
2008).
In 2006, advanced imaging, including CT and MRI, accounted for 54% of total Medicare imaging
expenditures, up from 43% in 2000. This translates to an increase in Medicare spending on advanced
imaging from about $3 billion in 2000 to about $7.6 billion in 2006 (GAO, 2008).

Disparities 
There is variation according to age, sex, and health care market in the proportion and mean dose of
patients undergoing medical imaging procedures. One study concluded that the proportion of subjects
undergoing at least one imaging procedure was higher in older patients, rising from 49.5% of those who
were 18 to 34 years old to 85.9% of those who were 60 to 64 years old. The study also found that women
underwent procedures significantly more often than men, with a total of 78.7% of women undergoing at
least one procedure during the study period, as compared with 57.9% of men (Fazel et al., 2009).

Opportunity for Improvement
One retrospective cross-sectional study describing radiation dose associated with some of the most
common types of diagnostic CT found variable radiation doses. The study found variability in the following
exams: 1) routine chest exam without contrast, the CT effective doses ranged from 2 mSv to 24 mSv; 2)
routine abdomen-pelvis, no contrast - CT effective dose ranged from 3 mSv to 43 mSv; 3) routine head
exam - CT effective dose ranging from 0.3 mSv to 6 mSv (Smith-Bindman et al., 2009).

A central database established for collecting dose indices as a function of patient qualities (i.e., gender,
age, size, etc.) and exam type (i.e., lateral lumbar spine, pelvis CT, etc.), would allow the relative range
of radiation dose indices to be analyzed and compared against established benchmarks.
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Extent of Measure Testing
The measures in this set are being made available without any prior formal testing. However, many of the
measures in this set (Utilization of a Standardized Nomenclature for CT Imaging Description, Count of
Potential High Dose Radiation Imaging Studies: Computed Tomography (CT) and Cardiac Nuclear Medicine
Studies, CT Images Available for Patient Follow-Up and Comparison Purposes, Search for Prior CT Studies
through a Secure, Authorized, Media-free, Shared Archive, Appropriateness: Follow-up CT Imaging for
Incidentally Detected Pulmonary Nodules According to Recommended Guidelines and Reporting to a
Radiation Dose Index Registry) have been in use in the Centers for Medicare and Medicaid Services (CMS)
Physician Quality Reporting System program since 2013 indicating the feasibility of collecting the data
elements required for measure calculation.
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The American College of Radiology (ACR) recognizes the importance of thorough testing all of its
measures and encourages ongoing robust testing of the Optimizing Patient Exposure to Ionizing
Radiation measurement set for feasibility and reliability by organizations or individuals positioned to do
so. The ACR will welcome the opportunity to promote such testing of these measures and to ensure that
any results available from testing are used to refine the measures on an ongoing basis.

Evidence for Extent of Measure Testing

American Board of Medical Specialties (ABMS), American Medical Association-convened Physician
Consortium for Performance ImprovementÂ® (PCPIÂ®), American College of Radiology (ACR).
Optimizing patient exposure to ionizing radiation performance measurement set. Reston (VA):
American College of Radiology; 2016 Jan. 51 p. [53 references]

State of Use of the Measure

State of Use
Current routine use

Current Use
not defined yet

Application of the Measure in its Current Use

Measurement Setting
Ambulatory/Office-based Care

Ambulatory Procedure/Imaging Center

Emergency Department

Hospital Inpatient

Hospital Outpatient

Professionals Involved in Delivery of Health Services
not defined yet

Least Aggregated Level of Services Delivery Addressed
Individual Clinicians or Public Health Professionals

Statement of Acceptable Minimum Sample Size
Does not apply to this measure



Target Population Age
Age less than or equal to 17 years

Target Population Gender
Either male or female

National Strategy for Quality Improvement in Health
Care

National Quality Strategy Aim
Better Care

National Quality Strategy Priority
Health and Well-being of Communities
Making Care Safer
Prevention and Treatment of Leading Causes of Mortality

Institute of Medicine (IOM) National Health Care Quality
Report Categories

IOM Care Need
Staying Healthy

IOM Domain
Effectiveness

Safety

Data Collection for the Measure

Case Finding Period
Unspecified

Denominator Sampling Frame
Patients associated with provider

Denominator (Index) Event or Characteristic



Diagnostic Evaluation

Patient/Individual (Consumer) Characteristic

Denominator Time Window
not defined yet

Denominator Inclusions/Exclusions
Inclusions
All pediatric computed tomography (CT) imaging studies for patients aged 17 years and younger

Exclusions
Unspecified

Exceptions 
Documentation of medical reason(s) for not performing CT studies with individualized equipment
evaluation protocols (e.g., CT studies performed for radiation treatment planning or image-guided
radiation treatment delivery)

Exclusions/Exceptions
not defined yet

Numerator Inclusions/Exclusions
Inclusions 
Pediatric computed tomography (CT) imaging studies performed with individualized equipment evaluation
protocols* that comply with a widely used guideline

*Equipment evaluation protocols should include at a minimum the follow ing two documented components:

Baseline techniques for an adult head and abdomen CT
Determine the appropriate mAs for a pediatric thorax, abdomen and head CT

Exclusions
Unspecified

Numerator Search Strategy
Fixed time period or point in time

Data Source
Registry data

Type of Health State
Does not apply to this measure

Instruments Used and/or Associated with the Measure



Unspecified

Computation of the Measure

Measure Specifies Disaggregation
Does not apply to this measure

Scoring
Rate/Proportion

Interpretation of Score
Desired value is a higher score

Allowance for Patient or Population Factors
not defined yet

Standard of Comparison
not defined yet
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Date of Next Anticipated Revision
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Measure Status
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Measure Availability
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Disclaimer

NQMC Disclaimer
The National Quality Measures Clearinghouseâ„¢ (NQMC) does not develop, produce, approve, or endorse
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the measures represented on this site.

All measures summarized by NQMC and hosted on our site are produced under the auspices of medical
specialty societies, relevant professional associations, public and private organizations, other government
agencies, health care organizations or plans, individuals, and similar entities.

Measures represented on the NQMC Web site are submitted by measure developers, and are screened
solely to determine that they meet the NQMC Inclusion Criteria.

NQMC, AHRQ, and its contractor ECRI Institute make no warranties concerning the content or its
reliability and/or validity of the quality measures and related materials represented on this site.
Moreover, the views and opinions of developers or authors of measures represented on this site do not
necessarily state or reflect those of NQMC, AHRQ, or its contractor, ECRI Institute, and inclusion or
hosting of measures in NQMC may not be used for advertising or commercial endorsement purposes.

Readers with questions regarding measure content are directed to contact the measure developer.
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